Summary. The potential role of oxygen free radicals in hCG-induced ovulation was investigated using the free radical scavenging enzymes superoxide dismutase (SOD) and/or catalase with the in-vitro perfused rabbit ovary preparation. SOD (25 \g=m\g/ml ) and SOD + catalase (25 \g=m\g/ml)significantly reduced the % of large follicles that ovulated during perfusion (P < 0\m=.\005). Neither maturity nor degeneration of ovulated ova and follicular oocytes was affected by SOD and/or catalase. Progesterone concentration in the perfusate was significantly increased in the SOD + catalase treatment group (P < 0\m=.\01). These results indicate a significant role for oxygen free radicals in the process of ovulation.
Introduction
The mechanism of ovulation has been compared to an inflammatory reaction (Espey, 1980) . Components of inflammation that are also found in the process of ovulation include synthesis and release of prostaglandins (Armstrong, 1981) , the action of proteolytic enzymes (Strickland & Beers, 1976; Yoshimura et al., 1987a) , and appearance of other mediators such as bradykinin (Yoshimura et ai, 1988) and histamine (Kitai etai, 1985) . Increased vascular permeability and apical thrombosis are visible in the follicular capillaries of rabbits induced to ovulate with hCG (Kanzaki et ai, 1982) .
Toxic metabolites of oxygen, including the Superoxide anión radical (02~), hydrogen peroxide (H202), and the hydroxyl radical (OH), are important mediators of inflammatory tissue injury (McCord, 1974; Del Maestro et ai, 1980; Weiss, 1986) (Fig. 1) . Moreover, these highly toxic oxygen metabolites have been found to be the final common mediator of tissue damage in a large number of disparate processes, including inflammation and post-ischaemic re-perfusion injury (Bulkley, 1983; Weiss, 1986;  Bulkley, 1987) . There are therefore striking similarities between many known actions of oxygen-derived free radicals and the events leading to follicle rupture.
Because of their highly reactive nature, free radicals have extremely short half-lives (often measured in nanoseconds) and consequently do not accumulate in tissues at levels that can be readily detected. Many investigators have therefore used indirect means, at least in initial studies, to characterize free radical mechanisms in physiological processes (Bulkley, 1987 ). An indirect approach frequently employed is the use of the highly specific inhibitor of free radicals, Superoxide dismutase (SOD: EC 1.15.1.1).
Ovulation can be consistently induced by administration of hCG in an isolated in-vitro perfused rabbit ovary system (Kobayashi et ai, 1981) . This in-vitro system offers certain advantages for the *Reprint requests to: Dr E. E. Wallach. investigation of the effects of scavenging enzymes such as SOD, for their half-life is less than 10 min in vivo due to renal excretion. The objective of this study was to use the in-vitro perfusion system to determine whether the inhibition of toxic oxygen metabolites with SOD, catalase (an enzyme cata¬ lysing the breakdown of H202), or both would affect hCG-induced follicle rupture, oocyte maturation, and progesterone production. Ovaries were observed every 15 min for evidence of follicle growth and rupture. A follicle was considered to be ruptured when the cumulus containing an ovum was observed protruding from the ovarian surface. Ovulation time, the elapsed time between addition of hCG and follicle rupture, was recorded. The ovulated ovum, surrounded by its cumulus mass, was carefully recovered from the ovarian surface. Follicular oocytes were recovered from mature, but unruptured follicles (> 1-5 mm in diameter) after perfusion. Both ovulated ova and follicular oocytes were assessed for stage of maturity and signs of degeneration, as previously described (Kobayashi et ai, 1981 Progesterone concentrations Progesterone production by the control ovary of each experimental group reached its maximum at 4 h after hCG administration. Progesterone production in the SOD + catalase treated group was significantly increased (P < 001) compared to the contralateral control. This increase was evident by 2 h after hCG administration (Fig. 2) 
Discussion
Many factors may result in the formation of toxic metabolites of oxygen in tissues. These include mitochondrial, endoplasmic reticular and nuclear membrane electron transport systems, oxidant enzymes such as cytochrome P450, xanthine oxidase, and lipoxygenase, and the NAD(P)H oxidase of phagocytic cells (Weiss, 1986; Cross et ai, 1987) (Fig. 1) . Although these experiments were not designed to identify the precise source of radical generation, the fact that SOD blocked ovulation in an asanguineous (medium-perfused) preparation argues against that source being circulating neutrophils, a common biological source of radical generation. Regardless of the source, the scavenging of 02~w ith SOD significantly inhibited follicle rupture in these perfused rabbit ovaries, while the removal of H202 with catalase had no apparent effect. These findings suggest that 02~, or a secondary radical species dependent for its production on 02~generation, plays an essential role in follicle rupture. In these experiments we have used SOD to determine that the process of ovulation was dependent upon the activity of 02~. Although these approaches have been used commonly in the past by others in the field of free radical biology (Bulkley, 1987) , they offer only indirect evidence for 02~generation. SOD is a very specific enzyme; in the 20 years since its description by McCord & Fridovich (1969) (Bulkley, 1987) . It is therefore unlikely that non-specific effects of the highly purified enzymes used in these experiments could account for our observations, but the possibility cannot be disproved without the use of inactivated enzymes.
Our observations do not indicate a role for H202 in ovulation, although the presence of both SOD and catalase prolonged the ovulation time of those follicles that ovulated. While these data appear to suggest a more important role of 02~t han H202 in follicle rupture, H202 has been found to inactivate SOD slowly and irreversibly (Hodgson & Fridovich, 1975 (Fig. 3) , many of the steps of which are radical-dependent lipid peroxidations. Oxygen free radicals may cause follicle rupture by acti¬ vating phospholipase (Baud et ai, 1981) and by stimulating direct release of arachidonic acid from biomembranes (Seeger et ai, 1982) (Fig. 3) . Furthermore, it has been found that SOD decreases PG production (Baud et ai, 1981) and inhibits cyclooxygenase and phospholipase activity (Rahimtula & O'Brien, 1976; O'Brien & Hulett, 1980; Parente, 1982) . Free radicals may affect follicle rupture through prostaglandins, by releasing proteolytic enzymes from lysosomes, and/or by direct attack on the follicle wall.
In conclusion, the data derived using an in-vitro perfusion model clearly demonstrated that the oxygen free radical, Superoxide, plays a role in the mechanical process of ovulation. Future studies
